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ABSTRACT 

500 u Tck CsBr Eu^ needle screen were measured in a flying-spot scanner. The number of photost.mula ^ht quanta 
SSSedX^uinin is higher than for BaFBri.»I x :Eu . At 70 kVp and 0.5 mm Cu filtration equal sharpness is 
obtatStr 850/e Is. 46% X-ray absorption in BaFBr,,I,:Eu>- screens. DQE 

with a CsI:Tl scintillator layer. 
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1. INTRODUCTION 

Sis 

quaou. into Hghf lead ,» an imSge quality thar Is very similar ,o the image quahty *"»»««■•'*■''' CR s >' sttms 
CR image quality can be upgraded, therefore, by the use of improved storage phosphor plates. 

2. STORAGE PHOSPHOR IMAGE PLATES 
2.1. Needle image plate vs. powder image plate 

Conventional phosphor plates, used in film/screen radiography and the storage phosphor f™*£££ 

CR systems are powder plates. The active layer consists of microscopic phosphor crystals held together by a binder. 

The Cd:Tl layer in certain DR systems is an array of phosphor needles with a 5 to 10 ? diameter a 400 to 500 M length. 

IU morphology is similar to that of the CsIrNa scintillator layers used in conventual ' - d mereb 

A needle plate leads to better image quality than a powder plate for two reasons The needles ac t as ^guides hereby 

strongly reducing light spread in the phosphor layer. As a consequence, image sharpness u: ^^JJJ^ 

Also, no binder is present, which implies a higher phosphor packing density and, thus, a higher X-ray absorpt.on. 
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2.2. CsBrrEu 2 * needle imaging plate (NIP) 

i_ v, n^trnr i .p,. 2+ and RbBrTl + are used in commercial CR systems. 
Today, the storage phosphors B»FBr,,I,.Eo and ™ B £^ £ k Konica „ is a „ exceUent SIOIagc phosp hor wi,h 
BaFBr,.J,:Eu ! - ,s used .o the pla.es of Agfa, FUP » d Kodak "no ^ c i|iolli 

^Br Tl neeVe screens do no, Lad .o bener image quality .ban BaFBr,.,I,:Eu' powder screens. 
S.1SL, »^i < ?2l^S5=S. heen made .0 rhe image 

3. EXPERIMENTAL 

3.1. CsBr:Eu 2+ NIP preparation 

S;S;;;:;S ".Zlnmeni S the spectroscopic properties and of the converse eff.c.ency. 
3.2 Scanning system for NIP read-out 

SiK^SmS? SL^Sld - >h= same scanner fo, sharpness measuremen, and for measuremen, of 

pTx^was 100 M for measuremen. of .he modula.ion n.nsfer fundon and fo, measuremen, of DQE. Fo, measuremen, 
of erasability and read-out depth the pixel size was 50 u. 

33. Emission spectrum measurement 

spectrum distortion by the monochromator. 
3.4. Stimulation spectrum measurement 

in the stimulation spectrum measurement the photostimulated emission was measured as a function of stimulation 
wavelengtl .using was fed ^ a n^ochromator and then mechanically chopped with a rotating wheel 

emission intensity and for the transmission of the grating as a funcuon of wavelength. 
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3.5. Conversion efficiency measurement 

The conversion efficiency (C.E.), i.e. the total photostimulated light energy emitted after X-ray exposure was determined for 
the CsBr:Eu 2 * NIP and for a screen containing commercial BaFBr:Eu 2 * storage phosphor. 

Prior to X-ray exposure any residual energy still present in the phosphor screen was removed by exposure to light of a 500 
W quartz-halogen lamp. The phosphor screen was then exposed with an X-ray source operating at 80 kVp and 5 mA. A 2 1 - 
mm thick external Al filter was used to harden the X-ray spectrum. 

In the measuring set-up a 5-mW diode laser emitting at 690 nm was used to photostimulate the X-ray irradiated NIP 
phosphor screen and a 10-mW He-Ne laser for the BaFBr:Eu 2 * plate. 

The laser-optics comprised an electronic shutter, a beam-expander and a filter. Using a diaphragm placed in contact with the 
screen the light emitted by only 7 mm 2 was collected. 

The stimulating laser light, transmitted by the screen and the stimulated emission light were separated by a 4 mm BG 39 
SCHOTT (trade name) filter in the case of the CsBr:Eu 2+ NIP and by a 4 mm BG3 SCHOTT (trade name) filter in the case 
of the BaFBnEu 2 * screen, so that only the emitted light reached the photomultiplier. The signal intensity was measured as a 
function of time. 

3.6. Erasability measurement 

The erasability of the CsBnEu 2 * NIP was measured in comparison to a commercial MD-30 (trade name) BaFBr:Eu plate of 
Agfa-Gevaert N.V. 

In a first measurement, both phosphor plates were uniformly exposed to 50 mR at 80 kVp and the scan-average levels 
(SAL) were determined in the scanner. 

In a second measurement, the plates were exposed to much higher doses and then erased with a 500 W (electrical power) 
quartz-halogen lamp for 1 s. The light intensity at the screen position was measured using a photometer and was 1 2 
mW/cm 2 . Higher doses were selected in order to enable signal detection even after erasure without having to adapt the 
sensitivity settings of the photomultiplier in the scanner. In the second measurement the BaFBr:Eu 2+ plate was exposed to 
44 R and the CsBr:Eu 2 * NIP to 166 R. 

3.7. Measurement of required read-out power 

The light energy needed to set free the stored energy upon scanning the CsBnEu 2 * NIP was compared with the light energy 
needed to scan a BaFBr:Eu 2f phosphor plate. 

A filter was placed between the stimulating laser and the plate to reduce the laser power on the plate surface to 2 mW. 
The screens were scanned a number of times without intermediate erasure until the signal was immeasurably small. From 
the signal evolution with the number of read-out cycles the read-out depth as a function of read-out energy was calculated. 
The total photostimulable signal was calculated as the sum of all signals. The read-out depth corresponding to a specific 
read-out cycle was calculated as the sum of the signals up to that read-out cycle, divided by the total photostimulable signal. 
The stimulation energy per unit area, SE, corresponding to a certain read-out cycle was calculated as: 

SE = nxPxt/A (1), 

where n is the serial number of the read-out cycle, P is the laser power on the plate, t is the scanning time and A is the plate 
surface. 

3.8. DQE measurement 

The detective quantum efficiency (DQE) was determined for the CsBnEu 2 * NIP, scanned in the flying spot scanner. 
The CsBr:Eu 2 * plate was uniformly exposed at 70kVp, with 0.5-mm external Cu filtering. The exposure was 2.5 uGy. The 
X-ray dose was measured with an ionization chamber. The resulting effective energy of the spectrum was 45 keV and the 
quantum fiuence per unit dose is 250.000 quanta/mm 2 /mR. 

Sharpness was measured for a commercial MD-30 (trade name) BaFBnEu plate of Agfa-Gevaert N.V. and for the 500 jj 
NIP on the laboratory scanner. 

For measuring the modulation transfer function (MTF) a bar pattern was imaged with frequencies between 0.025 and 6 
Ip/mra 

The images were read out with a pixel size of 100 x 100 u 2 . 
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4. RESULTS 



4.1. Emission spectrum 

Figure 1 shows the emission spectrum of CsBr:Eu 2+ . The blue emission, centered around 440 nm allows efficient detection 
with both a photomultiplier tube and a CCD. 



4.2. Stimulation spectrum 

Figure 2 shows the stimulation spectrum of CsBr:Eu 2 \ The stimulation band, centered around 680 nm allows efficient read- 
out with cheap and compact diode lasers. 
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Figures I and 2: emission and stimulation spectra of CsBr:Eu 2 * 

4.3. Conversion efficiency 

From the intensity curve as a function of time, the total amount of photostimulated light emission energy was calculated. 
The area under the intensity curve was multiplied by the sensitivity of the system. To this aim, the sensitivity of the 
photomultiplier and amplifier have been measured as a function of anode-cathode voltage of the photomultiplier and as a 
function of wavelength. The transmission spectra of the 4-mm BG39 SCHOTT and of the 4-mm BG3 SCHOTT (trade 
name) filters have been measured. 

Because, the emission light is scanered in all directions only a fraction of the emitted light is detected by the photomultiplier. 
The position of the screen with respect to the photomultiplier is such that 10 % of the total emission was detected by the 
photomultiplier. Correction was made for the limited space angle over which emission was detected. After all these 
corrections, a conversion efficiency value (C.E.) is obtained in pJ/mm 2 /mR. The obtained quantity was divided by the 
screen thickness to obtain the conversion efficiency per volume of phosphor, i.e. in pJ/mm /mR. 

Conversion efficiencies of 29 pJ/mm 3 /mR for BaFBnEu 2 * and of 37 pJ/mm 3 /mR for CsBr:Eu 2+ were found, respectively. 
Taking into account the X-ray absorption of the samples, the emission photon energies and the number of X-ray quanta per 
mR, this corresponds to ca. 500 PSL photons per absorbed 50 keV X-ray quantum for BaFBnEu 2 * and to ca. 750 PSL 
photons per absorbed 50 keV X-ray quantum for CsBr:Eu 2 \ 

4.4. Erasability 

Table 1 lists the SAL results for the first and second measurements. 

The erasure depth, i.e. the signal reduction due to exposure to the erasure source, was calculated based on these results and 
on the doses used in the measurements as: 



E d = SAL2 x dosel / (SAL1 x dose2) 



(2), 
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and is given in Table 1 for the two phosphors. 

It is clear that the CsBr:Eu 2 * phosphor has a much better erasability than the commercial BaFBr:Eu 2 * phosphor. Exposure t< 
the same erasure source for the same period of time results in a 100-fold stronger reduction in signal. A much less powerful 
erasure source can be used, therefore, in a scanner for CsBr:Eu 2 * NIP's. 



Plate -> 


MD-10 


CsBr:Eu J * 


Result 4 


BaFBr:Eu 2+ 




SALI (without erasure) 


440 


1,180 


SAL2 (after erasure) 


2,800 


290 


E d (erasure signal reduction factor) 


7.10'-' 


7.10° 



Table 1 : Measured SAL values and calculated Ed values for MD-10 and CsBr:Eu 2 * screens 



4.4. Read-out depth 

Figure 3 shows read-out depth as a function of stimulation energy. 




Figure 3: Read-out depth as function of stimulation energy per unit area for CsBr:Eu 2+ (O) and BaFBnEu 2 * (O) 

Much less light energy is needed to set the stored energy free as photostimulated emission in CsBr:Eu 2+ than in BaFBr:Eu 2+ 
Hence, less powerful light sources can be used in scanners for CsBr:Eu 2+ and read-out depth can be higher, meaning that a 
higher gain CR system can be made. 

4.5. DQE 

The MTF of the system was determined from the square-wave response function (SWRF) of periodic bar patterns. The 
amplitude response at various spatial frequencies was analyzed between 0.5 and 6 lp/mm. The SWRF was determined by 
normalizing their amplitudes with respect to the contrast of the bar at the very low frequency of 0.025 lp/mm. 
Next, the MTF was calculated from the SWRF according to the relation: 

MTF(v) - 7t/4 (SWRF(v) + 1/3 SWRF(3v) - 1/5 SWRF(5v) + .,.) (3). 

The result, shown in Fig. 4, demonstrates that a 500 \i CsBr:Eu 2+ NIP leads to a slightly higher sharpness than a 250 |i thick 
BaFBr:Eu 2+ powder plate. The absolute MTF values for the MD-30 are lower than those obtained on a commercial CR 
scanner, meaning that the optics of our laboratory scanner are suboptimal as far as sharpness is concerned. 
For the image noise analysis, a uniformly exposed area of 1,024 x 1,024 pixels was used. This region of interest was dividec 
into blocks with a length of 512 pixels and a width of 20 lines. Within each block, the 20 lines are averaged. The noise 
power spectrum (NPS) per block was calculated for the resulting line with 512 pixels via a 1 -dimensional Fourier 
transformation, and, finally, the NPS blocks were averaged. This procedure was performed with the lines parallel to the fast 
scan direction and with the lines parallel to the slow scan direction, respectively. Since both NPS were very similar, the 
DQE was calculated for the NPS in the fast scan direction only. 
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The DQE was calculated based on MTF and NPS as: 
DQE(v) = MTF(v) 2 / (NNPS(v) x n x ) 



(4), 



where v is the spatial frequency, NNPS is the noise power divided by the average signal in mm"' and n x is the number of 
quanta per unit area in mm' 2 . 

The DQE of the CR system using the CsBnEu 2 * NIP is plotted as a function of spatial frequency in Fig. 5, together with the 
DQE of a state-of-the art CR system and the DQE of a DR system based on a-Si photodiodes and a CsI:Tl needle phosphor 
layer. 
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Figure 4: MTF as a function of spatial frequency for a commercial MD-30 phosphor plate, scanned in a commercial scanner ( — ) and for 
the 500 m CsBr:Eu 2 * NIP, scanned in a laboratory scanner ( — ) 
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Figure 5: DQE as a function of spatial frequency for state-of-the art CR ( — ) 8 , for the 500 u CsBr:Eu 2 ^ NIP, scanned in a laboratory 
scanner ( — ) and for DR with CsI:TI 2 ( — ) 
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Figure 7: MTF curve that has been used for recalculation of DQE 
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Figure 8: DQE calculated for a CR system with NIP, having a gain of 13 ( ), having the higher MTF, shown in Fig. 7 ( ) and 

having both a higher gain and a higher sharpness ( ) vs. the DQE of our experimental system (- -) 
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t 

6. CONCLUSIONS 

CsBr:Eu 2+ is an excellent storage phosphor. It has better phosphor characteristics than BaFBrL_J x :Eu 2+ and it has the 
advantage that it can be grown in needles. 

The emission and stimulation spectra of CsBr:Eu 2+ are well suited for use in a CR system. CsBnEu 2 * has a higher 
conversion efficiency and a lower stimulation energy, which makes deeper read-out possible at equal laser power. 
CR performance can be improved significantly by using a needle screen instead of a powder screen. A needle screen yields 
images with acceptable resolution at higher coating weight and, therefore, higher X-ray absorption. A needle screen is less 
turbid than a powder screen, which leads to lower values for the noise excess factor. 

Use of a CsBr:Eu 2+ needle screen in an exsisting CR system leads to significantly improved image quality. Image quality is 
equivalent to that offered by the best DR systems. This may offer the possibility to reduce X-ray dose in CR imaging. 
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Figure 8: DQE calculated for a CR system with NIP, having a gain of 13 ( ), having the higher MTF, shown in Fig. 7 ( ) and 

having both a higher gain and a higher sharpness (— — ) vs. the DQE of our experimental system (- -) 



6. CONCLUSIONS 

CsBr:Eu 2+ is an excellent storage phosphor. It has better phosphor characteristics than BaFBr,. x I x :Eu 2+ and it has the 
advantage that it can be grown in needles. 

The emission and stimulation spectra of CsBnEu 2 * are well suited for use in a CR system. CsBrrEu + has a higher 
conversion efficiency and a lower stimulation energy, which makes deeper read-out possible at equal laser power. 
CR performance can be improved significantly by using a needle screen instead of a powder screen. A needle screen yields 
images with acceptable resolution at higher coating weight and, therefore, higher X-ray absorption. A needle screen is less 
turbid than a powder screen, which leads to lower values for the noise excess factor. 

Use of a CsBr:Eu 2 * needle screen in an exsisting CR system leads to significantly improved image quality. Image quality is 
equivalent to that offered by the best DR systems. This may offer the possibility to reduce X-ray dose in CR imaging. 
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